ABSTRACT: Dried distillers grains with solubles (DDGS) contain elevated concentrations of CP, oil, and S, which can negatively impact performance and carcass characteristics in steers weaned at 205 d of age. Early weaned (EW) cattle, however, consume less DM and require increased CP. Furthermore, the energy required to dispose of excess N may actually decrease excessive fat accumulation, which can occur in EW cattle. Thus, we hypothesized that feeding diets with increased concentrations of DDGS to EW steers for the fi rst 99 d would decrease fat thickness and increase harvest weights, and would not inhibit performance or marbling deposition. To test this hypothesis, 90 Angus × Simmental steers (199.7 ± 12.2 kg) were weaned at 134 d of age (EW) and allotted to 3 high concentrate diets (20% corn silage) containing either 0%, 30%, or 60% DDGS (15.7%, 15.8% and 21.7% CP, respectively). Dietary treatments were fed for 99 d, after which steers were placed on a common diet containing no DDGS (12.9% CP) until harvest at a common weight of 599 kg. Concentration of dietary DDGS did not affect ADG, DMI, or G:F during the growing phase (P > 0.41), did not produce any carryover effects on ADG, DMI, or G:F during the fi nishing phase (P > 0.26), and resulted in similar overall performance (P > 0.52). Dressing percentage (P < 0.05), HCW (P = 0.06), fat thickness (P = 0.10), and % KPH (P = 0.08) responded quadratically to early DDGS supplementation, increasing from 0 to 30% DDGS inclusion and decreasing from 30 to 60% DDGS inclusion, respectively. Marbling score was not affected (P > 0.46) by DDGS inclusion, but there was a tendency (P = 0.08) for the ratio of subcutaneous (SC) to intramuscular (IM) fat to be altered by DDGS inclusion. The ratio of IM to SC fat decreased from 0 to 30% DDGS inclusion and increased from 30 to 60% DDGS inclusion. These data suggest that inclusion of increased concentrations of dietary DDGS early in the feedlot phase does not negatively impact growth and performance of EW cattle, but does partition energy from carcass to noncarcass components. However, increased concentrations of DDGS did not negatively impact IM fat deposition. Utilization of energy for disposal of excess N may be responsible for changes in carcass weight and SC fat deposition.
INTRODUCTION
Weaning cattle before the traditional 205 d of age (early weaning; EW) and immediately placing EW cattle on a high energy diet enables early intramuscular fat deposition and allows for rapid and effi cient growth (Fluharty et al., 2000; Schoonmaker et al., 2001 Schoonmaker et al., , 2002 . However, appreciable amounts of energy are still partitioned to subcutaneous fat and physiological maturity is more rapidly achieved, resulting in decreased carcass weights (Schoonmaker et al., 2001 (Schoonmaker et al., , 2002 . Feeding diets that exceed CP requirements have the potential to increase carcass leanness, improve partitioning of fat, and increase carcass weights in EW cattle, as has been documented in the swine industry (Hansen and Lewis, 1993; Chen et al., 1995 Chen et al., , 1999 . Energy required by the liver to dispose of excess N may decrease fat accumulation.
Distillers grains (DG) are an economical source of protein and energy; however, feeding cattle diets that contain >50% dried distillers grains with solubles (DDGS) increases CP, oil, and S to potentially excessive concentrations, decreasing performance and inhibiting marbling deposition (Ferrell et al., 2008; Depenbusch et al., 2009; Gunn et al., 2009) . In EW cattle, the impact of excessive N, oil, and S are less clear, and the residual effects of feeding elevated DDGS during development on subsequent performance and carcass composition are unknown. Early-weaned cattle consume less DM and have increased CP requirements; thus, problems with increased DDGS that are experienced by older cattle may not be problematic for EW cattle. Thus, we hypothesize that feeding diets elevated in DDGS to EW steers for the fi rst 99 d will decrease fat thickness and increase harvest weights, and will not inhibit marbling deposition. The objective of the current study was to determine the optimal inclusion rate of DDGS in EW steer diets and characterize the impact of increased DDGS during the fi rst 99 d of the fi nishing period on performance, carcass weights, carcass leanness, and marbling deposition of EW steers.
MATERIALS AND METHODS
Research protocols regarding animal care followed guidelines recommended in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1998) , and were approved by the Purdue University Animal Care and Use Committee.
Ninety Angus × Simmental steers (initial BW = 199.7 ± 12.2 kg) were weaned at 134 d of age ( ± 5.2 d) and allotted by sire and BW to 3 concentrate diets containing 0%, 30%, and 60% DDGS, with CP concentrations of 15.7%, 15.8%, and 21.7%, respectively. Steers were randomly assigned to pen (6 steers/pen; 5 pens/diet) and housed in a curtain-sided, slatted-fl oor fi nishing barn in 6.1-× 3.3-m pens. Steers were adapted to diets over a 21-d period. Soybean meal was added to the 0% DDGS at 17% of the diet DM to increase CP content. Treatments were fed for 99 d, after which steers were placed on a common diet until harvest. The fi nishing diet was 12.9% CP and contained 65.8% corn, 20.0% corn silage, 9.2% soybean meal, and 5% supplement. Diet compositions are reported in Table 1 . Feed was offered once daily at 0800 h and feed refusals were weighed, recorded, and discarded for each pen. Feed samples were taken every 14 d and composited for analysis of DM, CP, ether extract, and minerals.
Steers originated from the Purdue University Animal Science Research and Education Center (ASREC) Scholer beef unit. Birth dates, sire information, and dam breed type were all recorded before initiation of the trial. At weaning, steers were transported ~32 km to the Purdue ASREC Calvert beef unit. Upon arrival at the Purdue Calvert Beef Center, steers were vaccinated against bovine rhinotracheitis, bovine viral diarrhea, parainfl uenza-3, bovine respiratory syncytial virus (Bovi-Shield Gold FP5; Pfi zer, Exton, PA), Haemophilus somnus, Pasteurella, and Clostridia (Vision-7 Somnus; Intervet Schering-Plough Animal Health, DeSoto, KS), treated with Valbazen (Pfi zer) for internal and external parasites, and implanted with Revalor-XS (provided courtesy of Intervet/Schering-Plough Animal Health). Initial and fi nal BW were calculated as an average of BW obtained on 2 consecutive d. One steer was removed from the study due to a nontreatment-related injury.
To analyze body composition at a common weight endpoint, individual steers were identifi ed for harvest when BW reached ~599 kg. However, no individual steers were allowed to remain on study in a pen; therefore, if all but 1 steer within a pen had reached 599 kg, all steers were harvested regardless of fi nal BW. Sixty-one steers were harvested at Tyson Foods (Joslin, IL) and 28 steers were harvested at a commercial abattoir in southern Indiana (Dewig Meats, Haubstadt, IN). Steers were harvested at 4 different time points. Hot carcass weight was determined immediately after evisceration. Fat thickness, % KPH, LM area, marbling score, and USDA quality and yield grades were determined for all cattle by 2 separate qualifi ed university personnel 24 h after harvest, using offi cial USDA guidelines. An M-ratio was calculated for each animal based on equations developed by Wertz-Lutz et al. (2010) . The M-ratio is a method for comparing marbling with carcass fatness. This equation was used:
Where MARBi = marbling score for and individual, MARBp = average marbling score for the population of cattle in this study (all treatments), MARBsd = SD for marbling score for the population of cattle in this study, BFi = fat thickness for an individual, BFp = average fat thickness for the population of cattle in this study (all treatments), and BFsd = the standard deviation for fat thickness for the population of cattle in this study. Means and SD used were from the whole population. When both variables deviate normally, the resulting value equals 0. A value of 0.0 signifi es that the ratio was not altered. Positive values indicate that intramuscular fat was greater relative to subcutaneous fat, whereas negative values indicate that subcutaneous fat was greater relative to intramuscular fat.
Data were analyzed using the MIXED procedures (SAS Inst. Inc., Cary, NC). Pen was the experimental unit and was included in the model as a random effect. The model included fi xed effects of DDGS concentration. Performance data were analyzed as repeated measures and 4 covariance structures were compared for each variable (compound symmetric, autoregressive order 1, heterogeneous autoregressive order 1, and unstructured). The covariance structure that yielded the smallest Bayesian information criterion was used for the results presented. Carcass data were analyzed as a completely randomized design. The interactions of treatment × plant and treatment × harvest date were analyzed, and were removed from the model if P > 0.05. Least squares means were computed for all fi xed effects and separated using linear and quadratic coeffi cients of DDGS concentration generated by PROC IML when a signifi cant F-test (P < 0.05) was detected.
RESULTS AND DISCUSSION
Performance data are presented in 3 categories (Table 2) : growing phase (d 0 to 99), fi nishing phase (d 99 to harvest; an average of 134 d), and overall (d 0 to harvest). Concentration of dietary DDGS did not affect ADG, DMI, or feed effi ciency during the growing phase (P > 0.41), did not produce any carryover effects on ADG, DMI, or feed effi ciency during the fi nishing phase (P > 0.26), and, therefore, resulted in similar overall performance (P > 0.52) among treatments. Feeding normal-weaned cattle diets that contain >50% DDGS generally decreases performance (Ferrell et al., 2008; Depenbusch et al., 2009; Gunn et al., 2009) . Distillers grains contain increased concentrations of CP, oil, and S. And at concentrations >50% of diet DM, these nutrients can become excessive. However, because EW cattle consume less total feed, EW cattle may not incur the negative impact of these nutrients or may require greater concentrations of these nutrients to maintain a more rapid rate of growth.
Growing steers (300 kg) consuming a high energy diet (1.34 Mcal/kg DM) require ~1200 g of protein daily (NRC, 1996) . Based on typical intake of 5 to 8 kg by EW steers (Fluharty et al., 2000; Schoonmaker et al., 2001) , diets should contain 15 to 24% CP. However, increasing protein in the diet of beef calves weaned at 100 d of age beyond 12% has had variable effects on performance. Neville et al. (1977) reported that added CP linearly increased BW gain in EW cattle up to 23.7%; however, others observed that added CP had no effect on intake or performance (Williams et al., 1975; Fluharty et al., 2000) . Bedwell et al. (2008) demonstrated that increasing CP content from 14.6 to 15.4% in EW heifer diets increased ADG and feed effi ciency, but increasing CP from 15.4 to 17.2% by further addition of DG (40%) did not affect ADG or feed effi ciency. Feeding supplemental bypass protein or rumenprotected AA to beef calves <300 kg has not been common in the beef industry, because any depression in calf performance due to protein or AA defi ciencies are temporary and are often corrected when calves exhibit compensatory growth after feedlot entry (Owens, 2010) . The rapid growth of the ethanol industry in the United States and resulting distillers grains byproducts, however, have made RUP an economical feed ingredient that is frequently used (Vasconcelos and Galyean, 2007) . Although RDP/RUP requirements for calves <300 kg are not well defi ned, research in dairy calves fed milk replacer (Amos, 1986) and suckling beef calves (Lardy and Maddock, 2007) indicates that supplemental RUP can improve calf performance. Furthermore, added RUP to diets of calves <200 kg decreased DMI and improved ADG when CP concentrations were >15% but not when CP concentrations were <15% (Newbold et al., 1987) . Swartz et al. (1991) reported a similar impact on DMI when RUP was used to increase dietary CP concentration to >15% but failed to observe an impact of added RUP on ADG. In contrast, Amos (1986) demonstrated that added RUP improved ADG of dairy calves but did not impact DMI. Gunn et al. (2011) observed that EW steers fed 19% CP diets that were elevated in RUP for the fi rst 161 d gained 19.8% faster and spent 22 fewer days in the feedlot, compared with EW steers that were fed 19% CP diets that were decreased in RUP.
As dietary fat content increases, fat digestibility decreases and performance can be compromised. Fat digestion in normal-weaned cattle is maximized at 8% of the diet DM and diets that deliver >8% of fat have been reported to decrease OM and NDF digestibilities (Zinn, 1994) . The 8% limit for maximal fat supplementation appears to be the case, regardless of BW, as Plascencia et al. (2003) demonstrated that fat supplementation from 0 to 9% of the diet DM similarly depressed OM, NDF, and fatty acid digestibilities in steers weighing 175 or 370 kg. Thus, it seems that dietary fat could potentially have the same effect on performance in EW cattle as it does in normal-weaned cattle. The decreased intestinal digestibility of supplemental fat is due to extensive ruminal biohydrogenation of fatty acids (Plascencia et al., 1999) . However, the impact of increased unsaturated fatty acids reaching the small intestine on diet digestibility in light weight calves has not been fully investigated. This could have implications for EW cattle. Vander demonstrated that more unsaturated fatty acids reach the small intestine of cattle fed distillers grains compared with cattle fed corn oil due to increased protection from ruminal biohydrogenation.
Carcass data are presented in Table 3 . The interaction of treatment × plant and treatment × harvest date were not signifi cant (P > 0.28), and were removed from the analysis. Dried distillers grains with solubles inclusion at 60% tended to decrease HCW (linear, P = 0.10; quadratic, P = 0.06) and decreased dressing percentage (linear, P < 0.01; quadratic, P < 0.05). Fat thickness (P = 0.10) and % KPH (P = 0.08) tended to respond quadratically to DDGS inclusion, increasing from 0 to 30% DDGS inclusion and decreasing from 30 to 60% DDGS inclusion. Marbling score was not affected (P > 0.46) by DDGS inclusion, but the M-ratio tended to respond quadratically (P = 0.08) to DDGS inclusion. The M-ratio decreased from 0 to 30% DDGS inclusion and increased from 30 to 60% DDGS inclusion, indicating that subcutaneous and not intramuscular fat deposition was impaired because of the energy cost associated with disposal of excess N in 60% DDGS diets. Furthermore, the percentage of cattle grading low choice tended to respond quadratically (P = 0.07) to DDGS inclusion, decreasing from 0 to 30% DDGS inclusion and increasing from 30 to 60% DDGS inclusion. In EW cattle, appreciable amounts of energy are partitioned to subcutaneous fat and physiological maturity is more rapidly achieved, resulting in decreased carcass weights (Schoonmaker et al., 2001 (Schoonmaker et al., , 2002 . Increasing dietary DDGS, however; seems to increase carcass lean at physiological maturity, resulting in increased carcass weights. Bedwell et al. (2008) demonstrated that although increasing concentrations of DDGS from 0 to 17.5% of the diet DM in EW heifer diets increased fat thickness, LM area was increased and the percentage of carcasses reaching 272 kg was increased from 79.2 Bedwell et al. (2008) and Gunn et al. (2011) demonstrated that addition of DDGS up to 30% or 40% of the diet DM did not compromise marbling scores.
The effect of DG inclusion in the diet of normalweaned steers on carcass characteristics has been contradictory. Longissimus muscle area and fat thickness were demonstrated to decrease when WDGS was added at 25.5% of the diet DM (Depenbusch et al., 2008) or not change when WDGS was added at 30% or 40% of the diet DM (Al-Suwaiegh et al., 2002 . Marbling deposition was reported to decrease linearly as DDGS was included in the diet up to 40% of the diet DM (Ferrell et al., 2008; Schoonmaker et al., 2010) or not be affected when WDGS was included up to 30% of the diet DM (Huls et al., 2008; de Mello et al., 2008) . Decreased concentrations of starch and increased concentrations of PUFA of DDGS are thought to negatively impact marbling (Gunn et al., 2009; Schoonmaker et al., 2010 ) when fed for the entire feeding period. The fact that elevated concentrations of DDGS in the present study favorably impacted fat partitioning and increased HCW is signifi cant. It may be possible that the additional protein, form of protein (RUP vs. RDP), or fat in DDGS has a benefi cial effect on nutrient partitioning in EW cattle. Supplemental fat has been reported to increase carcass empty body fat, including marbling, and decrease lean yield (Zinn, 1989) . Fat increases postruminal starch digestion in light weight (175 kg) as well as heavier (370 kg) cattle (Plascencia et al., 2003) . And although WDGS decreases the starch content of the diet, it increases postruminal starch digestibility . Glucose, which is thought to be the primary precursor for marbling deposition (Smith and Crouse, 1984) , is derived from ruminal (Schoonmaker et al., 2003) and postruminal (Huntington et al., 2006) starch digestion. It is possible that an increase in postruminal starch digestibility compensated for a decrease in starch availability in the present study, thus not decreasing marbling scores.
The liver and kidney are the major sites of AA degradation and N clearance. Increased weights of liver and kidney due to increasing dietary protein have been observed in cattle (Wang et al., 2009) , sheep (Fluharty and McClure, 1997) , and swine (Chen et al., 1999 ) fed high energy diets. Portal-drained visceral organs and the liver are signifi cant sources of energy consumption, as they account for 40 to 50% of the total energy requirements of ruminants (Webster, 1981) . Thus, increased organ weights would result in an increase in the amount of energy required for maintenance, as dietary protein digestion, absorption, and metabolism in tissues are accompanied by energy use (Nelson et al., 2005) . It is estimated that ammonia detoxifi cation via urea synthesis costs the ruminant animal 12 kcal/g N (Tyrrell et al., 1970) . In growing swine, catabolism of fat reserves provides the energy necessary for ammonia detoxifi cation, as decreases in fat deposition due to feeding increasing concentrations of dietary CP are well documented (Hansen and Lewis, 1993; Chen et al., 1995; Chen et al., 1999) . Excessive protein intake accelerates catabolism of fat reserves in growing swine and maintains or permits the accrual of protein mass (Chen et al., 1999) . Catabolism of fat reserves in growing ruminants due to excess protein consumption has not been demonstrated; however, the energy cost of ammonia detoxifi cation would be expected to decrease the availability of energy for fat deposition. Decreased carcass weights, dressing percentage, and fat thickness by feeding 60% DDGS in the current study support the concept that energy was partitioned away from carcass fat gain to organ mass. It is unclear in developing ruminants at what CP concentration carcass gain is impacted. A CP concentration between 17% and 22% seems likely based on increases in carcass fatness observed by Bedwell et al. (2008) when CP was increased from 15.4 to 17% CP and decreases in carcass fat observed in the present study when CP was increased from 15.7 to 21.6%. In addition, RUP could potentially have an impact on carcass composition. The addition of RUP to the diets of calves <200 kg increased carcass lean when CP concentrations were >15.0% but not when CP concentrations were <15% (Newbold et al., 1987) . In contrast, Swartz et al. (1991) did not observe an impact of added RUP on carcass leanness.
For normal-weaned cattle fed dry-rolled corn-based diets, maximum performance, leanness, and marbling are achieved at a distillers grain concentration of 20 to 30% on a DM basis (Corrigan et al., 2009; Schoonmaker et al., 2010) . Increasing distillers grains >30% can have detrimental effects on marbling without any added benefi t for performance or leanness in normal-weaned cattle (Schoonmaker et al., 2010 ).
Conclusions
Our current study suggests that increasing concentrations of DDGS up to 60% of the diet DM caused a partitioning of carcass components to noncarcass components, as indicated by a decreased dressing percentage when DDGS was fed at 60% of the diet DM. However, performance and intramuscular fat deposition were not compromised and EW steers experienced a benefi cial decrease in subcutaneous fat deposition when DDGS was fed at 60%of the diet DM early in the feeding period. Increased concentrations of dietary fat and utilization of energy for disposal of excess N, rather than subcutaneous fat deposition, may be responsible.
